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EXECUTIVE SUMMARY 
This memorandum presents the Benefit-Cost Analysis (BCA) to be referenced in the North Carolina Department of 
Transportation (NCDOT) BUILD Grant application. The project is in the state of North Carolina in Graham County. 
NCDOT is studying improvement options from Andrews to Stecoah in Graham County as part of a proposed project to 
provide the transportation infrastructure necessary for the well-being of local residents and regional traffic.  The 
project will upgrade the existing roadway and will complete a segment of Appalachian Regional Commission Corridor 
K between Andrews, NC and Stecoah, NC.  The methodology used for the BCA follows the guidelines of the Notice of 
Funding Opportunity (NOFO) for the Department of Transportation’s Better Utilizing Investments to Leverage 
Development (BUILD) Transportation Discretionary Grants program for Fiscal Year 2020; and Benefit-Cost Analysis 
Analyses Guidance for Discretionary Grant Programs, updated January 2020.  All costs and benefits were discounted 
using the mandatory 7% discount rate. Estimated capital outlays are expected to begin in 2023 and the upgraded 
roadway would complete construction in 2025.   

The BCA score is 1.12:1 using a 7% discount rate following the implementation of the Project based on a project life 
of 30 years and the discounted residual value of the project.  
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Patriot Transportation Engineering, PLLC (Patriot) has been contracted by the North Carolina Department of 
Transportation (NCDOT) to develop the Benefit-Cost Analysis (BCA) for NCDOT State Transportation Improvement 
Program (STIP) Project Number A-0009; Corridor K improvements in Graham County. 

1. INTRODUCTION 
This memorandum presents the Benefit-Cost Analysis (BCA) to be referenced in the North Carolina Department of 
Transportation (NCDOT) BUILD Grant application. The project is in the state of North Carolina in Graham County. 
NCDOT is studying improvement options from Andrews to Stecoah in Graham County as part of a proposed project to 
provide the transportation infrastructure necessary for the well-being of local residents and regional traffic.  The 
project will upgrade the existing roadway and will complete a segment of Appalachian Regional Commission Corridor 
K between Andrews, NC and Stecoah, NC.  Once complete, this corridor will provide for the national economic 
interests, enhance local economic development opportunities along and near the corridor, and provide an improved 
system of transportation for both routine travel and emergency travel in the event of a national crisis.  The proposed 
project will restore the good condition of infrastructure that supports commerce and economic growth; advance 
national or regional economic development in areas of need, and reduce barriers separating workers from 
employment centers by reducing transportation network gaps to connect peripheral regions to urban centers or job 
opportunities. 

The methodology used for the BCA follows the guidelines of the Notice of Funding Opportunity (NOFO) for the 
Department of Transportation’s Better Utilizing Investments to Leverage Development (BUILD) Transportation 
Discretionary Grants program for Fiscal Year 2020; and Benefit-Cost Analysis Analyses Guidance for Discretionary 
Grant Programs, updated January 2020.  Estimates of the expected benefits for each of the five long-term outcomes 
specified in the Benefit-Cost Analysis Analyses Guidance for Discretionary Grant Programs are presented for the full 
completion of the project ‘build scenario’ against a baseline which has been defined as a ‘no-build scenario’.  In this 
document, net benefits are estimated as the difference between the total costs in the build and the no-build scenarios.  
All costs and benefits were discounted using the mandatory 7% discount rate. Benefits of the whole project are 
compared to the costs of the whole project, including costs paid by state, local, and private partners other than the 
Federal government, to compute the final BCA score. 

The BCA score is 1.12:1 using a 7% discount rate following the implementation of the Project based on a project life 
of 30 years and the discounted residual value of the project.  

2. SUMMARY TABLE 
Table 1 presents the BCA for the project. The BCA was computed using the present value of benefits and costs 
discounted at both 7% and 3% over a life-cycle of 30 years.  The results based upon a 3% discount rate were estimated 
as a sensitivity test.  
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Table 1: Benefit Cost Analysis Summary 
 7% Discount Rate 3% Discount Rate 

Costs (2018 $M) 
Capital Cost $99.5 $117.6 
Total Costs $99.5 $117.6 

Benefits (2018 $M) 

Economic Competitiveness Benefits 
Auto Travel Time Savings $7.7 $16.4 
Truck Operating Savings $0.5 $1.2 
Incident Management Savings $11.9 $23.8 
Resiliency Savings $24.8 $52.2 
Reliability Savings $26.3 $51.5 
Fiber/Broadband Savings $0.3 $0.7 
Sub-Total $71.6 $145.6 

Safety Benefits 
Reduced Roadway Fatalities and Crashes $29.9 $58.6 
Sub-Total $29.9 $58.6 

Cost Savings 
Net Operating & Maintenance Costs $4.0 $6.2 
Residual Savings $5.7 $21.8 
Sub-Total $9.7 $27.8 
Total Benefits $111.2 $232.0 

Outcome 
Net Present Value (2018 $M) $11.76 $114.43 
Benefit-Cost Ratio 1.12 1.97 
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3. BENEFITS 
Benefits are computed over a 30-year period and discounted using the 7% discount rates as recommended in the BCA 
guidance documents. Benefits are computed as the difference in costs between a base case (no-build) and the 
alternative case (build).  

Table 2 presents the list of all parameters used in this analysis. Prices are expressed in 2018 dollars using the Consumer 
Price Index (CPI) from the Bureau of Labor Statistics.  Sources for the inputs can be found in the Excel spreadsheet 
titled “A-0009 Benefit-Cost Analysis.xlsx” submitted in conjunction with this application. 

Table 2: Inputs 
Input Value 
OMB Discount Rate 7% 
Dollar Base Year 2018 
Discount Year  2020 
Annualization Factor (Traffic Days per Year) 300 
Trucks Percent of Traffic 5.4% 
Traffic Compound Annual Growth Rate 1.2% 
Value of Personal Time ($2018) 16.60  
Average number of vehicle occupants (cars) 1.67 
Congestion Cost per Auto VMT ($2018) 0.01 
Auto Operating Cost per Mile ($2018)  0.41 
Value of Time - Truck Drivers ($2018) 29.50  
Truck Costs per Hour ($2018) 49.12 
Total Truck Costs per Hour ($2018) 78.62 
Marginal External Pavement Cost - Passenger Cars ($2018) 0  
Marginal External Pavement Cost - Trucks ($2018) 0.079 
Passenger Car Emission Rates per Mile, VOC (grams) 2015 0.60 
Passenger Car Emission Rates per Mile, NOx (grams) 2015 0.91 
Passenger Car Emission Rates per Mile, PM2.5 (grams) 2015 0.01 
Passenger Car Emission Rates per Mile, CO2 (grams) 2015 532.00 
Passenger Car Emission Rates per Mile, VOC (grams) 2025 0.27 
Passenger Car Emission Rates per Mile, NOx (grams) 2025 0.28 
Passenger Car Emission Rates per Mile, PM2.5 (grams) 2025 0.01 
Passenger Car Emission Rates per Mile, CO2 (grams) 2025 434.00 
Passenger Car Emission Rates per Mile, VOC (grams) 2035 0.21 
Passenger Car Emission Rates per Mile, NOx (grams) 2035 0.20 
Passenger Car Emission Rates per Mile, PM2.5 (grams) 2035 0.01 
Passenger Car Emission Rates per Mile, CO2 (grams) 2035 397 
Truck Emission Rates per Mile, VOC (grams) 2020 0.06 
Truck Emission Rates per Mile, NOx (grams) 2020 1.31 
Truck Emission Rates per Mile, PM 10 (grams) 2020 0.05 
Truck Emission Rates per Mile, CO2 (grams) 2020 750.92 
Value of VOCs/short ton ($2018) 2,100  
Value of NOx/short ton ($2018) 8,600  
Value of SOX/short ton ($2018) 50,100 
Value of PM/short ton ($2018) 387,300  
Social Cost of CO2/short ton 2020 ($2018) 1.00 
Social Cost of CO2/short ton 2035 ($2018) 2.00 
Safety – O – No Injury  3,200 
Safety – C – Possible Injury 63,900 
Safety – B – Non-incapacitating Injury 125,000 
Safety – A – Incapacitating Injury 459,100 
Safety – K - Killed 9,600,000  
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Using the parameters in Table 3 and the traffic forecast for the project, the traffic volumes for passenger cars and 
trucks were calculated through the end of the project life for both the with- and without- project scenarios.  This is 
shown in Table 3. 

Table 3: Vehicles 
Year Project Year Total Cars Trucks 
2019  20,850 19,722 1,128 
2020  21,094 19,952 1,141 
2021  21,340 20,185 1,154 
2022  21,589 20,421 1,168 
2023  21,841 20,660 1,182 
2024  22,097 20,901 1,195 
2025  22,355 21,145 1,209 
2026 1 22,616 21,392 1,224 
2027 2 22,880 21,642 1,238 
2028 3 23,147 21,895 1,252 
2029 4 23,418 22,151 1,267 
2030 5 23,691 22,410 1,282 
2031 6 23,968 22,671 1,297 
2032 7 24,248 22,936 1,312 
2033 8 24,531 23,204 1,327 
2034 9 24,818 23,475 1,343 
2035 10 25,108 23,750 1,358 
2036 11 25,401 24,027 1,374 
2037 12 25,698 24,308 1,390 
2038 13 25,998 24,592 1,406 
2039 14 26,302 24,879 1,423 
2040 15 26,609 25,169 1,440 
2041 16 26,920 25,464 1,456 
2042 17 27,234 25,761 1,473 
2043 18 27,553 26,062 1,491 
2044 19 27,874 26,366 1,508 
2045 20 28,200 26,674 1,526 
2046 21 28,200 26,674 1,526 
2047 22 28,200 26,674 1,526 
2048 23 28,200 26,674 1,526 
2049 24 28,200 26,674 1,526 
2050 25 28,200 26,674 1,526 
2051 26 28,200 26,674 1,526 
2052 27 28,200 26,674 1,526 
2053 28 28,200 26,674 1,526 
2054 29 28,200 26,674 1,526 
2055 30 28,200 26,674 1,526 

Source: Traffic Operations Analysis Technical Memorandum; Corridor K Improvements, STIP A-0009 (Patriot Transportation Engineering, PLLC, 
January 2020) 

4. STATE OF GOOD REPAIR 
Reducing the total vehicle miles traveled reduces the expense of roadway wear and tear. The monetized reduction in 
VMT is the basis for determining the annual reduced roadway maintenance cost.  Because the proposed project is 
making improvements to the existing roadway the change in VMT is negligible; therefore, State of Good Repair 
benefits were not included in the results of the BCA. 
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5. ECONOMIC COMPETITIVENESS  
Economic Competitiveness include the expected impacts of the project on the movement of goods and people, 
including how the project increases the efficiency of movement and thereby reduces costs of doing business, improves 
local and regional freight connectivity to the national and global economy, reduces burdens of commuting, and 
improves overall well- being. The following sections describe the extent to which the project contributes to the 
functioning and growth of the economy. 

5.1 AUTO TRAVEL TIME SAVINGS 
Travel time savings can be monetized using the value of time for various types of travel presented in the BCA Resource 
Guide. Personal cars (i.e., not trucks) are assumed to average 1.67 occupants per vehicle. The value of personal time 
is $16.60.  Benefits from reduced automobile travel time savings total $7.7M discounted at 7 percent and are shown 
in Table 4.  

Table 4: Travel Time Savings 

Year 
Annual Car 
Passengers 

Annual Person 
Travel Time 

Savings (hrs.) 
Total Value of Auto Travel 

Time Savings 
Travel Time Savings 

7% 
2026  10,717,581   33,663  558,800 372,352 
2027  10,842,782   34,842  578,382 360,187 
2028  10,969,446   36,027  598,050 348,071 
2029  11,097,589   37,218  617,811 336,048 
2030  11,227,230   38,414  637,669 324,158 
2031  11,358,385   40,529  672,776 319,631 
2032  11,491,072   42,637  707,768 314,257 
2033  11,625,309   44,739  742,665 308,180 
2034  11,761,114   46,837  777,488 301,523 
2035  11,898,506   48,931  812,256 294,399 
2036  12,037,502   51,600  856,565 290,148 
2037  12,178,123   54,277  901,003 285,234 
2038  12,320,386   56,963  945,585 279,764 
2039  12,464,311   59,658  990,325 273,833 
2040  12,609,917   62,364  1,035,237 267,525 
2041  12,757,225   66,378  1,101,874 266,117 
2042  12,906,253   70,400  1,168,648 263,779 
2043  13,057,022   74,433  1,235,581 260,642 
2044  13,209,552   78,476  1,302,698 256,822 
2045  13,363,864   82,531  1,370,020 252,425 
2046  13,363,864   82,531  1,370,020 235,911 
2047  13,363,864   82,531  1,370,020 220,478 
2048  13,363,864   82,531  1,370,020 206,054 
2049  13,363,864   82,531  1,370,020 192,574 
2050  13,363,864   82,531  1,370,020 179,976 
2051  13,363,864   82,531  1,370,020 168,201 
2052  13,363,864   82,531  1,370,020 157,198 
2053  13,363,864   82,531  1,370,020 146,914 
2054  13,363,864   82,531  1,370,020 137,303 
2055  13,363,864   82,531  1,370,020 128,320 

Source: Traffic Analysis for Benefit-Cost Analysis Technical Memorandum; Corridor K Improvements, STIP A-0009 (Patriot Transportation 
Engineering, PLLC, February 2020) 
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5.2 TRUCK OPERATING COST SAVINGS 
The reduction in vehicle miles traveled will result in reduced vehicle maintenance.  This includes reductions in costs 
associated with fuel, oil, and tires. Truck traffic is assumed to constitute 5.4% of total traffic on this project and is 
valued at $78.62 per hour which includes the value of time for truck drivers and the costs of operating the truck.  The 
benefits from vehicle operating cost savings total $0.5M discounted at 7 percent and are shown in Table 5. 

Table 5: Reduced Vehicle Operating Costs ($) 

Year 
Annual Truck 

Traffic 
Annual Truck Travel 
Time Savings (hrs.) 

Total Value of Truck 
Operating Savings 

Truck Operating Savings 
7% 

2026  367,056   304  23,890 15,919 
2027  371,344   367  28,850 17,966 
2028  375,682   430  33,814 19,680 
2029  380,071   493  38,785 21,096 
2030  384,510   557  43,763 22,247 
2031  389,002   505  39,708 18,865 
2032  393,547   452  35,530 15,776 
2033  398,144   397  31,227 12,958 
2034  402,795   341  26,800 10,393 
2035  407,500   283  22,248 8,064 
2036  412,261   451  35,423 11,999 
2037  417,077   618  48,616 15,391 
2038  421,949   786  61,833 18,294 
2039  426,878   955  75,078 20,760 
2040  431,865   1,124  88,356 22,833 
2041  436,910   1,192  93,689 22,627 
2042  442,014   1,260  99,044 22,356 
2043  447,177   1,328  104,424 22,028 
2044  452,401   1,397  109,829 21,652 
2045  457,686   1,466  115,261 21,237 
2046  457,686   1,466  115,261 19,847 
2047  457,686   1,466  115,261 18,549 
2048  457,686   1,466  115,261 17,336 
2049  457,686   1,466  115,261 16,201 
2050  457,686   1,466  115,261 15,142 
2051  457,686   1,466  115,261 14,151 
2052  457,686   1,466  115,261 13,225 
2053  457,686   1,466  115,261 12,360 
2054  457,686   1,466  115,261 11,551 
2055  457,686   1,466  115,261 10,796 

Source: Traffic Analysis for Benefit-Cost Analysis Technical Memorandum; Corridor K Improvements, STIP A-0009 (Patriot Transportation 
Engineering, PLLC, February 2020) 

5.3 INCIDENT MANAGEMENT COST SAVINGS  
The proposed project addresses a critical need for alternative routes to the US 74 corridor through the Nantahala 
Gorge.  The existing US 74 roadway includes a mix of uses with high volumes of slow-moving buses and vehicles 
servicing the vibrant rafting community along the Nantahala River mixing with local traffic and high volumes of freight 
traffic.  Due to the topography there are very limited alternative routes in the area and any major accident along the 
stretch of US 74 can cause multi-hour delays due to the isolated nature of the corridor and longer than normal 
clearance times for vehicles involved in accidents.   The proposed project includes the implementation of incident 
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management technologies that include dynamic message signs in Andrews and Bryson City as well as dynamic 
trailblazing signs that will allow for the re-routing of traffic around the Nantahala Gorge when serious crashes occur. 

The methodology for the analysis included determining the number of serious accidents along the section of US 74 
from NC 28 to US 129 over the past five years to determine the average yearly number of serious accidents.  The 
corridor traverses both Swain and Macon counties and based on the NCDOT Service Reliability dashboard the average 
time to clear a major crash from the roadway for Swain County is 90 minutes while the duration for Macon County is 
88 minutes.  The travel time savings benefit as a result of the dynamic re-routing of traffic for each accident was 
determine based on the delay that would have been incurred while the crash was being cleared, less the additional 
travel time of the alternative route.  The savings due to the implementation of the Incident Management technology 
was monetized based on the reduced travel time for passenger cars (with 1.67 occupancy rate and a $16.60 value of 
time) and trucks ($78.62 per hour average operating cost).  

The total cost savings due to the implementation of incident management technologies is $11.9M discounted at 7 
percent and are shown in Table 6.  

Table 6: Incident Management Savings 

Year 

Annual Person 
Travel Time 

Savings (hours) 

Total Value of 
Auto Travel Time 

Savings 

Annual Truck 
Travel Time 

Savings (hours) 

Total Value of 
Truck Travel Time 

Savings 

Total Value of 
Travel Time 

Savings 

Congestion Cost 
Savings 

7% 
2026  48,274  801,349  3,212  252,516 1,053,864 702,234 
2027  49,751  825,872  3,310  260,243 1,086,115 676,378 
2028  51,229  850,395  3,408  267,971 1,118,366 650,899 
2029  52,706  874,918  3,507  275,699 1,150,617 625,859 
2030  54,183  899,442  3,605  283,426 1,182,868 601,310 
2031  55,661  923,965  3,703  291,154 1,215,119 577,294 
2032  57,138  948,488  3,802  298,882 1,247,370 553,847 
2033  58,615  973,011  3,900  306,609 1,279,621 530,997 
2034  60,092  997,535  3,998  314,337 1,311,871 508,766 
2035  61,570  1,022,058  4,096  322,064 1,344,122 487,172 
2036  63,047  1,046,581  4,195  329,792 1,376,373 466,225 
2037  64,524  1,071,105  4,293  337,520 1,408,624 445,934 
2038  66,002  1,095,628  4,391  345,247 1,440,875 426,303 
2039  67,479  1,120,151  4,490  352,975 1,473,126 407,332 
2040  68,956  1,144,674  4,588  360,702 1,505,377 389,018 
2041  70,434  1,169,198  4,686  368,430 1,537,628 371,357 
2042  71,911  1,193,721  4,784  376,158 1,569,878 354,342 
2043  73,388  1,218,244  4,883  383,885 1,602,129 337,964 
2044  74,866  1,242,767  4,981  391,613 1,634,380 322,213 
2045  76,343  1,267,291  5,079  399,341 1,666,631 307,075 
2046  76,343  1,267,291  5,079  399,341 1,666,631 286,986 
2047  76,343  1,267,291  5,079  399,341 1,666,631 268,212 
2048  76,343  1,267,291  5,079  399,341 1,666,631 250,665 
2049  76,343  1,267,291  5,079  399,341 1,666,631 234,266 
2050  76,343  1,267,291  5,079  399,341 1,666,631 218,941 
2051  76,343  1,267,291  5,079  399,341 1,666,631 204,617 
2052  76,343  1,267,291  5,079  399,341 1,666,631 191,231 
2053  76,343  1,267,291  5,079  399,341 1,666,631 178,721 
2054  76,343  1,267,291  5,079  399,341 1,666,631 167,029 
2055  76,343  1,267,291  5,079  399,341 1,666,631 156,102 

Source: NCDOT, Patriot Transportation Engineering, PLLC   
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5.4 RESILIENCY SAVINGS 
The proposed project will provide resiliency to the overall transportation network within the vicinity of the project.  
As noted in the previous section, there are very limited alternative routes in the region due to the topography and the 
existing US 74 corridor is susceptible to closure due to naturally occurring events.  The US 74 corridor between NC 28 
and US 129 is closed on average 7-10 days per year due to landslides, mudslides and rockslides with the frequency 
increasing in recent years, including 30 the road being closed for 30 days within the past year.  Additionally, on average, 
the roadway is closed one time per week for about 3 hours to remove fallen trees that fall across the roadway.  The 
detour route during these closures utilizes the proposed project along NC 28, NC 143 and US 129.  The re-routing of 
over 4,000 additional vehicles per day, including 11 percent trucks, through the proposed project study area causes 
substantial delays and overwhelms the existing infrastructure.  Due to the proposed project improvements and the 
implementation of dynamic message signs the ability of the transportation system will have substantially improved 
resilience for dealing with the increasing frequency of closures along the existing US 74 corridor.  The proposed project 
provides substantial additional capacity and improved ability to pass slower moving traffic resulting in greatly 
improved travel times for detoured traffic. 

The methodology for monetizing the resiliency benefits included performing a simulation analysis of the proposed 
project with the additional re-routed traffic both with and without the proposed project in place.  The travel time 
savings for both passenger cars and trucks were then determined, and it was multiplied by the average number of 
days the existing US 74 route is closed each year.  For the analysis, it was assumed that the roadway was closed 10 
days per year for landslides/rockslides/mudslides and a total of 6.5 days based on a 3-hour closure per week for 
clearing fallen trees for a total of 16.5 days per year.  The savings due to the improved resiliency of the proposed 
project was monetized based on the reduced travel time for passenger cars (with 1.67 occupancy rate and a $16.60 
value of time) and trucks ($78.62 per hour average operating cost). 

The total cost savings due to the improved resiliency provided by the project is $24.8M discounted at 7 percent and 
are shown in Table 7.  

Table 7: Resiliency Savings 

Year 

Annual Person 
Travel Time 

Savings (hours) 

Total Value of 
Auto Travel Time 

Savings 

Annual Truck 
Travel Time 

Savings (hours) 

Total Value of 
Truck Travel Time 

Savings 

Total Value of 
Travel Time 

Savings 

Congestion Cost 
Savings 

7% 
2026  76,617  1,271,838  3,749  294,774 1,566,612 1,043,900 
2027  82,788  1,374,276  4,116  323,570 1,697,846 1,057,333 
2028  88,981  1,477,079  4,484  352,541 1,829,620 1,064,855 
2029  95,198  1,580,279  4,855  381,694 1,961,973 1,067,183 
2030  101,440  1,683,907  5,228  411,037 2,094,944 1,064,963 
2031  107,711  1,787,995  5,604  440,576 2,228,571 1,058,778 
2032  114,010  1,892,574  5,982  470,318 2,362,891 1,049,152 
2033  120,342  1,997,672  6,363  500,270 2,497,942 1,036,557 
2034  126,706  2,103,320  6,747  530,439 2,633,759 1,021,417 
2035  133,105  2,209,547  7,133  560,832 2,770,379 1,004,113 
2036  139,541  2,316,382  7,523  591,455 2,907,837 984,985 
2037  146,015  2,423,852  7,915  622,316 3,046,168 964,339 
2038  152,529  2,531,986  8,311  653,421 3,185,407 942,447 
2039  159,085  2,640,811  8,710  684,777 3,325,588 919,553 
2040  165,684  2,750,354  9,112  716,391 3,466,745 895,873 
2041  172,328  2,860,643  9,518  748,270 3,608,913 871,600 
2042  179,018  2,971,704  9,926  780,419 3,752,123 846,904 
2043  185,757  3,083,564  10,339  812,847 3,896,411 821,936 
2044  192,545  3,196,249  10,755  845,559 4,041,808 796,829 
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Year 

Annual Person 
Travel Time 

Savings (hours) 

Total Value of 
Auto Travel Time 

Savings 

Annual Truck 
Travel Time 

Savings (hours) 

Total Value of 
Truck Travel Time 

Savings 

Total Value of 
Travel Time 

Savings 

Congestion Cost 
Savings 

7% 
2045  199,385  3,309,785  11,175  878,563 4,188,348 771,700 
2046  201,776  3,349,487  11,309  889,102 4,238,589 729,866 
2047  201,776  3,349,487  11,309  889,102 4,238,589 682,118 
2048  201,776  3,349,487  11,309  889,102 4,238,589 637,493 
2049  201,776  3,349,487  11,309  889,102 4,238,589 595,788 
2050  201,776  3,349,487  11,309  889,102 4,238,589 556,811 
2051  201,776  3,349,487  11,309  889,102 4,238,589 520,384 
2052  201,776  3,349,487  11,309  889,102 4,238,589 486,340 
2053  201,776  3,349,487  11,309  889,102 4,238,589 454,524 
2054  201,776  3,349,487  11,309  889,102 4,238,589 424,789 
2055  201,776  3,349,487  11,309  889,102 4,238,589 396,999 

Source: NCDOT, Patriot Transportation Engineering, PLLC   

5.5 TRAVEL TIME RELIABILITY SAVINGS 
Travel Time Reliability refers to the predictability and dependability of travel times on transportation infrastructure. 
Improvements in reliability are highly valued by transportation system users; however, estimating its discrete 
quantitative value in a BCA can be challenging. Users may have significantly varied preferences for different trips and 
for different origin and destination pairs. How people value reliability may relate more to how highly they value 
uncertainty in arrival times or the risk of being late than to how they value trip time reductions. At the same time, 
heavily congested facilities may experience both longer average travel times and greater variability, as the effects of 
incidents become magnified under those conditions; as a result, reliability and mean travel times may be correlated. 
Thus, assessing the value of improving reliability is generally more complex than valuing trip time savings, and a perfect 
assessment in a BCA is unlikely.  At this time, USDOT does not have a specific recommended methodology for valuing 
reliability benefits in BCA and the guidance states that if applicants choose to present monetized values for 
improvements in reliability in their analysis, they should carefully document the methodology and tools used, and 
clearly explain how the parameters used to value reliability are separate and distinct from the value of travel time 
savings used in the analysis. 

The methodology for determining the savings due to improved travel time reliability included developing a simulation-
based travel time reliability analysis.  Travel time reliability analysis has three main categories that affect the reliability 
of the system; variations in demand, effects due to incidents and effects of weather.  The simulation analysis was 
conservative and only included the effects of the change in demand on congestion and travel times.  The model was 
developed to simulate the changes in demand over the course of an entire year based on variable demand data 
derived from passively collected origin-destination data.  The results of the 365-day simulation were to develop travel 
time data for each individual vehicle and plot them using a cumulative distribution function (CDF).  By utilizing the CDF 
the variation in travel times can be determined.  The measure of Travel Time Reliability is based on determining the 
change in the Buffer Time, or the time you must add to your trip to ensure you are on time for a given percentile.  The 
standard measure of Buffer Time is to determine the difference between the 95th percentile travel time and the 
average travel time.  This buffer time is the amount of time you need to add to your trip to arrive at your destination 
on-time 95% of the time (or roughly being late 1 day per month).   

Based on the simulation-based analysis the buffer time shown in the following table, the buffer time as a result of the 
proposed project would be reduced by 3 minutes. 

No-Build Scenario Build Scenario Buffer Time 
Reduction (min) 50th % Travel 

Time (min) 
95th % Travel 
Time (min) 

Buffer Time (min) 50th % Travel 
Time (min) 

95th % Travel 
Time (min) 

Buffer Time 
(min) 

17.50 24.75 7.25 16.50 20.75 4.25 3.00 
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The determination of savings due to the reduction in buffer time is based on the percentage of trips that are time 
sensitive and require the implementation of a buffer time.  A conservative estimate of 30% of trips requiring the 
consideration of buffer time was utilized for the determination of the benefits of the project.  Also, because this is 
based on a comparison of the average and 95th percentile travel times it is not duplicative to the travel time savings 
that rely solely on the average travel time; therefore, the benefit is separate and distinct.  Additionally, the benefit is 
a conservative estimate as it only includes the savings for passenger cars and does not include the effects of incidents.  
As shown in the previous sections the proposed roadway would provide substantial savings when considering 
incidents making the 3-minute reduction a conservative measure of the improved travel time reliability resulting from 
the proposed project. 

The total cost savings due to the improved travel time reliability provided by the project is $26.3M discounted at 7 
percent and are shown in Table 8.  

Table 8: Reliability Savings 

Year 
Annual Persons using 
NC 28/NC 143/US 129 

Annual Person Time 
Savings (hours) 

Total Value of Time 
Savings 

Time Savings 
(Discounted at 7%) 

2026  3,215,274   160,764  2,668,678 1,778,253 
2027  3,252,835   162,642  2,699,853 1,681,333 
2028  3,290,834   164,542  2,731,392 1,589,695 
2029  3,329,277   166,464  2,763,300 1,503,052 
2030  3,368,169   168,408  2,795,580 1,421,131 
2031  3,407,515   170,376  2,828,238 1,343,675 
2032  3,447,322   172,366  2,861,277 1,270,441 
2033  3,487,593   174,380  2,894,702 1,201,198 
2034  3,528,334   176,417  2,928,517 1,135,730 
2035  3,569,552   178,478  2,962,728 1,073,829 
2036  3,611,251   180,563  2,997,338 1,015,302 
2037  3,653,437   182,672  3,032,353 959,965 
2038  3,696,116   184,806  3,067,776 907,644 
2039  3,739,293   186,965  3,103,613 858,175 
2040  3,782,975   189,149  3,139,869 811,402 
2041  3,827,167   191,358  3,176,549 767,178 
2042  3,871,876   193,594  3,213,657 725,365 
2043  3,917,107   195,855  3,251,198 685,830 
2044  3,962,866   198,143  3,289,179 648,450 
2045  4,009,159   200,458  3,327,602 613,108 
2046  4,009,159   200,458  3,327,602 572,998 
2047  4,009,159   200,458  3,327,602 535,512 
2048  4,009,159   200,458  3,327,602 500,479 
2049  4,009,159   200,458  3,327,602 467,737 
2050  4,009,159   200,458  3,327,602 437,138 
2051  4,009,159   200,458  3,327,602 408,540 
2052  4,009,159   200,458  3,327,602 381,813 
2053  4,009,159   200,458  3,327,602 356,834 
2054  4,009,159   200,458  3,327,602 333,490 
2055  4,009,159   200,458  3,327,602 311,673 

Source: NCDOT, Patriot Transportation Engineering, PLLC   
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5.6 FIBER BENEFITS 
The Project utilizes transportation infrastructure investment to accomplish more than just transportation. There is a 
digital divide between rural and urban areas in terms of access to the high-speed broadband and communications 
capability needed to run modern applications. 

The exhibit below highlights the geographic pattern of high-speed connectivity in the state and the large gaps in 
service in the Project area. This lack of access hinders economic development in small communities and restricts 
educational opportunities. NCDOT will be working with its State Agency partners to utilize this new communications 
backbone to deliver these types of benefits. 

Broadband Availability at 25 MBPS Download Speeds 

 

Source: Connecting North Carolina, State Broadband Plan, 2016 

The installation of fiber would allow for more accurate use of apps such as Waze and others that allow users to 
anticipate traffic conditions and plan ahead appropriately. The transportation system is therefore used more 
efficiently. In addition, emergency services, evacuation, public safety, and roadside safety can all be improved with 
better broadband connectivity. The Project will install enhanced enterprise-level fiber infrastructure along the project 
corridor, allowing for faster internet access for Graham County, among other connectivity improvements. This benefit 
is quantified using a willingness to pay (WTP) methodology. As found in literature, the value of an increase in 
broadband internet up to at least 4 MBPS is worth $10.37. This is assumed to be per household and is conservative as 
a typical internet speed is about 25 MBPS and therefore would be valued higher. It is assumed that 50% households 
within the selected counties, as found from Census 2010, would be WTP once per year for the improved internet 
connection. The county households increase annually based on population growth from the NC OSBM. 

The benefit due to fiber provided by the project is $0.3M discounted at 7 percent and are shown in Table 9.  

Table 9: Fiber Benefits 

Year 
Households WTP Discounted Fiber 

Savings 7% 
2026 3,784  $39,240   $26,147  
2027 3,784  $39,240   $24,437  
2028 3,784  $39,240   $22,838  
2029 3,784  $39,240   $21,344  
2030 3,784  $39,240   $19,948  
2031 3,784  $39,240   $18,643  
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Year 
Households WTP Discounted Fiber 

Savings 7% 
2032 3,784  $39,240   $17,423  
2033 3,784  $39,240   $16,283  
2034 3,784  $39,240   $15,218  
2035 3,784  $39,240   $14,222  
2036 3,784  $39,240   $13,292  
2037 3,784  $39,240   $12,422  
2038 3,784  $39,240   $11,610  
2039 3,784  $39,240   $10,850  
2040 3,784  $39,240   $10,140  
2041 3,784  $39,240   $9,477  
2042 3,784  $39,240   $8,857  
2043 3,784  $39,240   $8,278  
2044 3,784  $39,240   $7,736  
2045 3,784  $39,240   $7,230  
2046 3,784  $39,240   $6,757  
2047 3,784  $39,240   $6,315  
2048 3,784  $39,240   $5,902  
2049 3,784  $39,240   $5,516  
2050 3,784  $39,240   $5,155  
2051 3,784  $39,240   $4,818  
2052 3,784  $39,240   $4,502  
2053 3,784  $39,240   $4,208  
2054 3,784  $39,240   $3,933  
2055 3,784  $39,240   $3,675  

Source: NCDOT, Patriot Transportation Engineering, PLLC  

6. ENVIRONMENTAL SUSTAINABILITY 
The reduction in vehicle miles traveled will reduce the total amount of greenhouse gas emissions produced by the 
transport of people and freight.  The monetized reduction in VMT is the basis for determining the annual reduction in 
emissions.  Because the proposed project is making improvements to the existing roadway, the change in VMT is 
negligible; therefore, Environmental Sustainability benefits were not included in the results of the BCA. 

7. SAFETY 
The safety benefits provided by the proposed project are based on a detailed safety analysis that reviewed the existing 
crash data for the past five years and determinized the potential safety benefits of the project through reduced 
accidents.  The monetized benefits of reduced accidents are shown in Table 10. 

Table 10: Safety Benefits 

Year 
Traffic Growth 

Factor 
Annual crash 

Reduction 
Total Cost Savings from 

Accidents Avoided  
Discounted Crash Costs at 7% 

2026  1.085   48.594  3,038,665 2,024,791 
2027  1.097   49.162  3,074,163 1,914,434 
2028  1.110   49.736  3,110,075 1,810,092 
2029  1.123   50.317  3,146,406 1,711,436 
2030  1.136   50.905  3,183,162 1,618,158 
2031  1.150   51.500  3,220,347 1,529,964 
2032  1.163   52.101  3,257,967 1,446,576 
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Year 
Traffic Growth 

Factor 
Annual crash 

Reduction 
Total Cost Savings from 

Accidents Avoided  
Discounted Crash Costs at 7% 

2033  1.177   52.710  3,296,026 1,367,734 
2034  1.190   53.326  3,334,530 1,293,188 
2035  1.204   53.949  3,373,483 1,222,706 
2036  1.218   54.579  3,412,892 1,156,064 
2037  1.233   55.217  3,452,761 1,093,056 
2038  1.247   55.862  3,493,095 1,033,481 
2039  1.261   56.514  3,533,901 977,153 
2040  1.276   57.174  3,575,184 923,895 
2041  1.291   57.842  3,616,948 873,540 
2042  1.306   58.518  3,659,201 825,930 
2043  1.321   59.202  3,701,947 780,914 
2044  1.337   59.893  3,745,193 738,352 
2045  1.353   60.593  3,788,944 698,110 
2046  1.353   60.593  3,788,944 652,439 
2047  1.353   60.593  3,788,944 609,756 
2048  1.353   60.593  3,788,944 569,866 
2049  1.353   60.593  3,788,944 532,585 
2050  1.353   60.593  3,788,944 497,743 
2051  1.353   60.593  3,788,944 465,180 
2052  1.353   60.593  3,788,944 434,748 
2053  1.353   60.593  3,788,944 406,306 
2054  1.353   60.593  3,788,944 379,725 
2055  1.353   60.593  3,788,944 354,884 

Source: NCDOT, Patriot Transportation Engineering, PLLC 

8. COSTS 
The construction cost of this project is estimated at $121.4M in 2019 dollars including previously incurred costs of 
$2.9M. The total cost is based on the following breakdown: 

• Previously Incurred Costs  $2,900,000 
• Preliminary Engineering   $14,400,000 
• Right of Way    $13,600,000 
• Utilities     $4,900,000 
• Construction    $89,400,000 
• Total Cost (2019$)   $125,200,000 

Asset renewal costs are $5.35M every ten years for the build scenario (capital cost) and $3.49M every ten years for 
the no-build scenario (O&M cost). Annual Operations and Maintenance costs are $215K annually for the build scenario 
and $175K for the no-build scenario.  Costs are discounted as shown in Table 11. 

The total Capital Cost of the project is $99.5M discounted at 7 percent. 
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Table 11: Costs Undiscounted and Discounted at 7% ($) 

Year 
Project Year Undiscounted Capital 

Cost 
Undiscounted O&M Cost Discounted Capital Cost Discounted O&M Cost 

2018 -7 2,869,609  3,285,415  
2019 -6   0  
2020 -5   0  
2021 -4   0  
2022 -3   0  
2023 -2 39,499,944  32,243,721  
2024 -1 39,499,944  30,134,318  
2025 0 39,499,944  28,162,914  
2026 1   (39,525) 0 (33,102) 
2027 2   (39,525) 0 (32,138) 
2028 3   (39,525) 0 (31,202) 
2029 4   (39,525) 0 (30,293) 
2030 5   (39,525) 0 (29,411) 
2031 6   (39,525) 0 (28,554) 
2032 7   (39,525) 0 (27,722) 
2033 8   (39,525) 0 (26,915) 
2034 9   (39,525) 0 (26,131) 
2035 10   3,454,434  0 2,217,270  
2036 11 5,353,880  (39,525) 1,813,544 (24,631) 
2037 12   (39,525) 0 (23,914) 
2038 13   (39,525) 0 (23,217) 
2039 14   (39,525) 0 (22,541) 
2040 15   (39,525) 0 (21,884) 
2041 16   (39,525) 0 (21,247) 
2042 17   (39,525) 0 (20,628) 
2043 18   (39,525) 0 (20,027) 
2044 19   (39,525) 0 (19,444) 
2045 20   3,454,434  0 1,649,857  
2046 21 5,353,880  (39,525) 921,914 (18,328) 
2047 22   (39,525) 0 (17,794) 
2048 23   (39,525) 0 (17,276) 
2049 24   (39,525) 0 (16,772) 
2050 25   (39,525) 0 (16,284) 
2051 26   (39,525) 0 (15,810) 
2052 27   (39,525) 0 (15,349) 
2053 28   (39,525) 0 (14,902) 
2054 29   (39,525) 0 (14,468) 
2055 30   (39,525) 0 (14,047) 

Source: NCDOT, Patriot Transportation Engineering, PLLC 

9. RESIDUAL VALUE 
The residual value of $5,747,206 is based upon the remaining life of the bridge and the highway in 2055, discounted 
at 7% to the year 2020 in 2018$. The residual value is shown in Table 12. 

Table 12: Residual Value 
Asset Type Capital Cost (2018$) Service Life 

 
Remaining Value Discounted Remaining 

 Highways and Streets  $65,774,115  60  $32,887,058   $3,080,298  
Bridges & Structures  $23,289,093  75  $13,973,456   $1,308,795  

Right-of-Way (does not depreciate)  $14,500,000  N/A  $14,500,000   $1,358,113  
Source: NCDOT 
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